Abstract: The paper investigates into the efficiency of the Slovak banking industry over the years [2000][2001][2002][2003][2004][2005][2006][2007][2008][2009][2010][2011] (2000-2003, 2004-2008, 2009-2011) 
Introduction
Over recent years, the topic of measuring efficiency of commercial banks has experienced massive upheaval. Three principal approaches have been developed (to say nothing of their modifications) and are used intensively in evaluating efficiency of commercial banks. Out of these approaches, viz. the service-oriented approach, the intermediation approach and the profit approach, exclusive attention in the paper is given to the profit approach as the basal "commercial" standpoint under which Slovak banks operate striving after a high profit margin for their owners. The task of efficiency evaluation necessitates the assumption of the existence of a production function in the banking industry (which links the inputs and outputs of banks and determines the shape of the production frontier) and efficiency calculations then often base on measuring the distance of individual commercial banks from the production frontier embodied in the production function. The framework under which the production function is specified can be either parametric, non-parametric or semi-parametric. Whereas the parametric method restricts the production function to a certain parametric form which is then estimated, the non-parametric method avoids the formulation of a parametric production function and constructs on some well-understood economic principles the production possibility set. One of these principles is expressed in the technical scalability of operations, to wit, in the specification of the character of returns to scale under which the banking industry operates.
In the paper, the non-parametric slack-based measure (SBM) model is applied with the profit approach of interpreting the bank's efficiency to a data set of eleven organisational units 1 of the Slovak banking industry for the period of the years 2000-2011. During this period, the Slovak banking sector has gone through some changes as to its structure, competitiveness and regulation. Nonetheless, three periodization landmarks were identified and catalogued, between which it is assumed that the production function did not change and remained intact, i.e. was invariant with respect to a time shift. The three landmarks divided the entire period of twelve years into three sub-periods (2000-2003, 2004-2008, 2009-2011) , over which the data on individual organizational units of the Slovak banking industry were pooled for their joint evaluation. Between these three subperiods a possible qualitative change of the production function is both possible and most probable. In each sub-period, individual organisational units were evaluated and their efficiency was determined by the slack-based measure. This procedure permits to fulfil the aim of the paper, which is to benchmark individual Slovak commercial banks with respect to their efficiency status under the profit approach.
The paper is organized in 5 sections, the first of which is introductory and the last is concluding. The second section explains the profit approach for measuring efficiency of commercial banks and provides, in a condensed way, an overview of some relevant studies on the topic. The third methodological section is accompanied by the fourth section which instructs on the data, presents the results and includes their interpretation.
Conceptual issues and an overview of the literature
Conceptual views of efficiency of commercial banks differ. Individual theoretical concepts concur that commercial banks are agents of a transformation process and that during this process they transmute a set of inputs into a set of outputs. These inputs and outputs are linked in operations of commercial banks through a production function, which specifies the maximum attainable outputs at the given level of inputs. On the one hand, there is an explicit or implicit agreement that such a functional relationship exists; on the other hand, there is no general agreement on the production function of commercial banks which would reflect the aims that commercial banks seek to pursue.
So far three main approaches have been developed and used both in theory and practice, and these are the intermediation approach, the service-oriented approach and the profit approach. The primary source of difference between them is the treatment of deposits, which have both input and output characteristics. Only the newest of these approaches, the profit approach, is clarified in the next paragraph since only this approach is topical for the paper.
The profit approach was introduced by Berger and Mester (2003) . They investigated cost and profit productivity of the US banking industry. They found out that during the period from 1991 to 1997 cost productivity worsened whereas profit productivity improved substantially. They concluded that banks had been offering a wider range of financial services providing additional convenience, which may have raised costs but also raised revenues by more than the cost increase. Since this approach is relatively new, there is no consensus as to whether these positions hold. Studies which would account for possible impact of the financial crisis on efficiency of commercial banks prepared under this approach were not yet published. The foregoing research of the profit approach was the value-added approach, which considers that both liability and assets categories possess some output characteristics. Only those categories which contribute to a substantial value added are treated as outputs whilst the others are treated as either inputs or intermediate products depending on the specific attributes of each category. This approach was promoted by Berger, Hanweck and Humphrey (1987) , and Berger and Humphrey (1997) .
The most commonly used approach in the banking industry is probably the intermediation approach but this approach does not account for the strong profit orientation that is present and perceptible in commercial operations of the Slovak banking sector. The negligence of other approaches in empirical research leaves some room for a thorough application of the profit approach and even calls for it.
There has been intensive research on measuring efficiency of commercial banks and their benchmarking. It is probably not possible to give an exhaustive overview of the relevant literature on this topic. In consequence of this, the scope of the presentation here is limited only to research that focused on the Visegrad Group countries (the Czech Republic, Poland, Hungary and the Slovak Republic, in alphabetical order) and utilized the non-parametric approach of the data envelopment analysis (DEA). Table 1 summarizes empirical studies that are germane to this topic and lists especially those studies that have applied the nonparametric approach based on a DEA model. The list of research works is structured into two categories: cross-country studies (which investigated the efficiency of commercial banks across several countries for the purpose of comparison) and single market studies (which focused on the efficiency of commercial banks in one country only). 
The symbol "≥" denotes at a vector that respective elements of this vector are non-negative and at least one element is non-zero.
The restrictions of the optimization task constructs the production possibility set with respect to n production units and their observed inputs x 1 , ..., x n and outputs y 1 , ..., y n as well as their convex linear combinations in ℜ m and ℜ s respectively. The coefficient ρ takes values at interval [0, 1] and it is the SBM score of technical efficiency (in this case of production unit o whose task (1) is subject to optimization. If for some production unit ρ = 1 happens to be the case, this production unit is called SBM-efficient, which means that it is technically efficient in the sample of n production units to be evaluated. Although it may not seem prima facie, this score is very intuitive and easily interpretable. Furthermore, it is easy to explicate the rationale of the slack-based measure of technical efficiency. Whereas each production unit transmutes in its operations a set of inputs into a set of outputs, this operation need not be inevitably technically efficient. It sometimes may happen that the production of given outputs is possible with lower amounts of inputs, or, otherwise, at the consumption of given levels of inputs the production unit may attain a higher level of outputs. In such a case, the production process is characteristic of slack on the side of inputs and/or outputs. Technical inefficiency on the side of inputs is captured by the fraction real input identified slack technical inefficiency of an input real input
whose values are restricted to interval [0, 1] . If the production unit is technically efficient in the given input, the program in (1) identifies a zero slack and the indicator in (2) is evaluated at 1. Similarly, technical inefficiency on the side of outputs may be naturally described by the expression real output identified slack technical inefficiency of an output real output
with values at interval ]1,∞[. Should the production unit be of technical efficiency in the given output, the corresponding slack is by the program in (1) is identified zero and the indicator in (3) would attain the value of 1. The SBM score ρ in (1) may be clearly manipulated into Indisputably, if the production unit exhibits technical inefficiency even with one input, the nominator is lower than 1, and if it happens to be technically inefficient at least with one output, the denominator has to be greater than 1. This property implies that the SBM score (4) is 1 if and only if the production unit is fully technically efficient (and both the nominator and the denominator equal one). On the other hand, for a technically inefficient production unit, the SBM score in (4) is lower than 1. In general, the SBM score ρ has values at interval [0, 1].
The reader may familiarize oneself with the technicalities of the model in Cooper, Seiford and Tone (2007, pp. 99-106) , wherein he will find its exhaustive description.
The employment of the SBM model presents an additional value added of this paper as follows from the overview of some previous studies as summarized in Section 2. Other studies restricted themselves to using oriented DEA models solely (to wit the CCR model as well as the BCC model) under the implicit assumption that banking inputs and outputs are proportionally scalable (and thus radial). This model possesses an important property, which is that it allows slack of inputs and outputs to be non-radial.
The assumption of the production frontier time invariance during three identified phases of the Slovak banking sector development
Every sensible and interpretable application of the DEA rests on the explicit assumption of the existence of a production frontier that delimits the set of all disposable inputs and attainable outputs. The optimization task of a chosen DEA model then constructs in a non-parametric fashion the production frontier and measures in an appropriate way the distance of individual production units from the production frontier and captures it in the form of a score (used in assessing the relative efficiency of a given production unit and in the benchmarking). However, it often happens that the production frontier changes over time (even this change is required for the theory of economic growth to be valid and hold). However, in some consecutive periods the production frontier due to the inertia of the economic environment may remain invariant, that is, invariant with respect to a time shift. This view is applied in the paper and it is believed that there are some phases in the evolution of the Slovak banking sector during which its production frontier remained intact and free of shift. During the period from 2000 to 2011, three sub-periods can be identified and justified: 2000-2003, 2004-2008, 2009-2011 . Evidence that the Slovak banking sector did manifest substantial qualitative changes between these three sub-periods results from a previous research endeavour accomplished by the authors. Under the set-up of generalized additive modelling and in a Cobb-Douglasian framework of stochastic frontier analysis (SFA), Boďa and Zimková (2013) showed in their paper, from somewhat a different angle, that there were changes present in the development of the Slovak banking sector during the three identified stages. Using statistical methods, it was found a priori regardless of economic reasoning that the Slovak banking sector experienced changes of its production technology, and these findings are compatible with the outline and justification presented afore.
Data and results
In this section, the selection of organizational units of the Slovak banking sector and the selection of a particular set of inputs and outputs are clarified and explained. After this introductory part of the section, the results are presented in an organized way.
The dataset comprises the data on 11 organizational units (commercial banks) operating in the Slovak Republic and it covers the great majority of Slovak banking structures (as the total of included banks exceeds 90 percent of the Slovak banking assets). The organizational units considered in the paper are listed in Table 2 . In order to assure consistency of the analysis, building societies and special financial institutions are subject to exclusion. The source of the data is TREND Holding, s.r.o., Bratislava. The data used in the empirical analysis are the yearly data of balance-sheet items disclosed by the eleven organizational units of the Slovak banking sector during the period 2000-2011. During the period some of the organizational units underwent a merger or a takeover, it was therefore necessary to operate with totals on the banks which changed its legal and economic status. The data on these banks were aggregated as a total and only the merger or the acquisitor was considered. The hypothesis on the time-invariance of the production function permitted the pooling of individual organizational units in the identified phases and resulted in "bank-years". Only the data for 4 bank-years were not complete (ČSOB / Istrobanka 2007 & Citibank 2009 , 2011 . In consequence, the first phase was represented by 11 × 4 = 44 bank-years, the second phase included 11 × 5 -1 = 54 bank-years, and finally, the third phase was formed by 11 × 4 -3 = 41 available bank-years. The data are evaluated within the framework of DEA separately; in other words, the DEA was conducted for each of the three phases independently.
Only one input and only one output are recognized in the study. The input selected under the profit approach is total operating expenses and the output to be maximized is represented by net interest income. Both production variables represent singular items that appear on profit and loss statements of commercial banks and are always disclosed under any reporting standards. Operating expenses are the expenses incurred in conducting banking operations that are composed of interest payments made on the banks′ liabilities (especially deposits), costs of running the banks′ operations (such as wages, rental costs, servicing costs or purchases of inventory) and provisions for loan losses. Net interest income labels the gross interest income less gross interest expense of the bank. Both indicators selected for the analysis are traditional indicators on the footing of which the banking performance is assessed (see Mishkin, 2007, pp. 34-36; Koch and MacDonald, 2010, pp. 86-91) . This is due to the fact that profit and loss statements of commercial banks reflect the financial nature of banking, as interest on loans and investments represents the bulk of revenue. In addition, the variation of net interest income permits an assessment of the ability of the banks′ management to control interest rate risk. As a matter of fact, the production variables used in this study are reported in compliance with International Accounting Standards / International Financial Reporting Standards (IAS/IFRS).
The pooling of the data from different years necessitated their deflation for a proper analysis. Individual data were deflated to the prices of 2000 by the GDP deflator provided by Eurostat.
In the paper, the role of production units is undertook by individual organizational units in the Slovak banking sector in the three phases of its development. Three runs of the SBM analysis were made with (the number of inputs) m = 1 and (the number of outputs) s = 1, one for each phase. In the first phase, the number of decision making units was n = 44, in the second phase, n = 54, whilst in the third phase, n = 30.
All computations were performed in the program R (R Development Core Team, 2013) by means of functionalities included in package nonparaeff (Oh and Suh, 2013) . The results are displayed compactly in Table 3 ; which presents the information on the achieved SBM score for each organizational unit of the Slovak banking sector in each phase. The (simplifying if understandable) designations of individual organizational units indicated in the table are also used in the interpretations.
Each sub-period subjected to the analysis represents a structurally different quality of the economic environment, in which commercial banks pursue their goals and undertake their business activities. This fact is entertained in the subsequent economic interpretations of the results obtained. SBM efficiency scores * * * * * *attributed to new corporate governance and to the promising economic growth of the Slovak economy.
-
The second sub-period of 2004-2008 brought about some changes in the efficiency pattern of the Slovak banking sector. SBM efficiency scores are seemingly somewhat higher than in the previous sub-period (nonetheless, this can by no means be interpreted as an improvement in the overall efficiency). Three organizational units are comparatively more efficient during this second phase of the development of the Slovak banking sector, two of them are wholesale banks (Všeobecná úverová banka, Slovenská sporiteľňa) and one of them is a retail bank (Privat banka). In plain words, Slovenská sporiteľňa and Privat banka retained in the second sub-period the status of benchmark in technical efficiency. None of the organizational units manifested considerably lower SBM efficiency scores and individual banks form a coherent group when comparing their operating expenses and interest income. This can be possibly attributed to the fact that -during this subperiod -the real Slovak economy underwent a dynamic growth path and commercial banks started to extend the supply of their services especially with asset management, leasing, structural products. This is consistent with their ambitions of profit maximization in the good times of the Slovak economy.
Obviously, a most heterogeneous distribution of efficiency in the Slovak banking sector is found in the third sub-period of 2009-2011. During this stage, two organizational units (i.e., Privat banka and Poštová banka) may have had attained full technical efficiency in one year, but their average efficiency performance is ordinary on a comparative footing. A high efficiency profile was maintained by two wholesale banks (Slovenská sporiteľňa and Všeobecná úverová banka) and this contrasts with other three small banks (VOLKSBANK Slovensko, Prima banka, UniCredit bank) whose efficiency scores were uniformly low during the sub-period under the evaluation. All of these three organizational units were, during this sub-period or later, subject to changes in ownership relationships. Another aspect of the changes between the two consecutive sub-periods is that the comparative efficiency status of Privat banka slightly worsened and this bank no longer exhibited a high efficiency profile held in the previous two sub-periods. Similar is true e. g. for UniCredit Bank, and the reverse holds e. g. for Poštová banka. It is also of interest that the technical efficiency of Prima banka rapidly declined during the identified three sub-periods, and Tatra banka is characteristic of a gradual decline in its efficiency status.
Conclusions
This paper represents a case study, in which organizational units of the Slovak banking sector over the years 2000-2011 are evaluated in terms of technical efficiency that they exhibit in their operations from the standpoint of the profit approach. The results gained in the analysis are not an end in themselves but are weighty for several reasons and useful to several subjects. First and foremost, the results are applicable for a subsequent analysis of the corporate banking strategy that has been pursued in the Slovak banking sector over the period of few past years. From this aspect, it gives an opportunity to regulatory bodies to evaluate corporate banking strategy in retrospect from the viewpoint of technical efficiency. Secondly and with no lesser importance, it provides needful information for stockholders and management of commercial banks so that they may be able to form perspectives of the future banking strategy, again with respect to technical efficiency. Technical efficiency status changes and evolves over time and is influenced by a number of factors from the inner and outer environment of individual commercial banks.
In the evaluation, a non-parametric SBM model was applied and therein lies another added value of the contribution. In methodology, the study enriches the existing literature with the possibility of using the SBM model of DEA. Previous studies that examined technical efficiency of commercial banks operating in the territory of the Slovak Republic and abroad contented themselves with using merely basic and (furthermore) oriented DEA models (to wit, the CCR model and the BCC model). However, these two standard DEA models are both oriented and radial. The former property places a restriction that they require of the user to make a fundamental specification as to whether production units are able primarily either to control (i.e. decrease) their inputs or to control (i.e. increase) their outputs. Frequently and clearly, this is a limitation of their use in many practical situations. In addition, the latter property rests with the technical and essential assumption that production inputs and outputs are proportionally scalable (and thus radial). Contrary to this, the SBM model can be formulated non-oriented (with preference given to neither inputs nor outputs) and allows non-radial input and output slacks.
Another distinctive feature of the contribution in comparison to the previous research in the field is the specification of a model that founds itself upon the profit approach. This approach to banking efficiency was established by Berger and Mester (2003) and construes the bank as the centre of value creation. It has been customary for former studies into technical efficiency of commercial banks to approach efficiency from the standpoint of banking production or banking intermediation. In models of the production approach developed by Benston (1965) banks are viewed as economic entities that utilize labour and capital to produce deposits and loans. Under this treatment, in which inputs are measured in physical units and not in monetary units, two major shortcomings may be identified. It does not characterize the bank as a financial intermediary and does not make allowance for interest expenses that are usually the most substantial component of the bank's costs. In contrast, the intermediation approach proposed by Sealey and Lindley (1977) interprets deposits as a legitimate banking resource that is transformed during banking production into loans. It is the intermediation approach and its modifications that have been used most often to date in analyzing technical efficiency of commercial banks with operations settled in the territory of the Slovak Republic and of Europe. Unlike traditional approaches, the profit approach considered here in the paper pays regard to the most substantial items in costs of the commercial bank, on the input side, and includes the substantial items of profits of commercial banks operating in the territory of the Slovak Republic, on the output side. Besides, this approach also takes under advisement the intermediation function of commercial banks.
The evaluation of technical efficiency via the non-parametric SBM was conducted on two crucial assumptions. The assumption of variable returns to scale is one of classical assumptions made in such analyses, and this assumption is supplemented here by the requirement that the production frontier remain constant in three identified sub-periods (phases) in the evolution of the Slovak banking sector: 2000-2003, 2004-2008 and 2009-2011 . In each of these subperiods, organizational units of the Slovak banking sector were pooled in one data frame, from which the information on the shape of the production frontier (constant in individual sub-periods and common to all organizational units in the given sub-period) was extracted by the SBM model in the form of SBM technical efficiency scores.
The division of the researched time period of twelve years into the three subperiods, during which the banking in the Slovak Republic underwent qualitative changes made it possible to characterize the situation in technical efficiency of commercial banks from the perspective of the profit approach. In the first subperiod (2000) (2001) (2002) (2003) , after the privatization epoch, principles of corporate governance were gradually built into the Slovak banking sector, and Slovak banks gradually learned how to operate under the conditions of a market environment. In this phase the source of profit was in particular operational bank loans. This is the reason, for which Poštová banka seems most technically inefficient in the first phase since it is oriented on retail clientele. Another most technically inefficient bank is OTP bank, which focused in this phase on financing agricultural enterprises exposed fully to transformation difficulties. On the whole, most technically efficient from the standpoint of the profit approach was Slovenská sporiteľňa whose position was achieved by means of financial governmental assistance within the restructuralization in the pre-privatization epoch. Tatra banka, Privat banka and Prima banka manifested a comparatively higher level of technical efficiency in the first sub-period even without governmental aid. In the second investigated sub-period (2004-2008) commercial banks in the Slovak Republic generated profits in a quickly developing environment of mortgage banking but also of newly-arisen investment banking. Financial results of Slovak commercial banks were heavily influenced by the rapid economic growth of the Slovak Republic and by a number of new aggressive strategies of their foreign owners. In this second phase, a comparatively highest level of technical efficiency was defended by Privat banka and Slovenská sporiteľňa, which were joined as Všeobecná úverová banka. This bank started to show a higher degree of technical efficiency from the perspective of the profit approach. Finally, in the third analyzed sub-period (2009) (2010) (2011) brought along the most heterogeneous results as far as technical efficiency of commercial banks with respect to the profit approach is considered. They were affected by the entry of the Slovak Republic to the eurozone as of 1 January 2009 and by the worldwide financial crisis. Both these factors pressed on technical efficiency of Slovak banks. As far as the first factor is considered, their costs considerably increased in connection to alterations and modifications in their information systems, their revenues from foreign exchange operations somewhat dropped and also revenues from servicing the cross-border payment system as the fees were unified by Single European Payment Area (SEPA) regulations. The second factor reflected itself in a decrement in investment possibilities and loan amounts provided. In consequence of these factors, higher technical efficiency under the profit approach remained to be held by Slovenská sporiteľňa concentrating upon classical banking and not upon investment one. Contrariwise, Prima banka faced existence problems due to its financial losses coming from wrong decisions in the field of investment banking and needed to go through a takeover. Similarly, Privat banka after failures with their investment businesses was found to lower its technical efficiency through the prism of the profit approach.
All this information is of note to stockholders and management of commercial banks, especially to the stockholders and the management of the banks whose technical efficiency was subject to investigation in this study. This information is necessary for them as it enables them to confront "their" commercial bank in terms of profit-oriented technical efficiency with other commercial banks operating in the Slovak Republic. The results give an insight into profit creation and explain how the substantial component of profits of Slovak commercial banks has been generated over the past few years. 
